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A LUNAR SEISMOMETER CAPSULE YdBSYSTEM FOR RANGER

I. INTRODUCTION AND SUMMARY

Under a Jet Propulsion Laboratory (JPL) subcontract calling for

the developme.nt of a complete lunar capsule subsystem, Aeronutronic

Division of Ford Motor Company is supplying a lunar seismographic capsule

and ancillary equipments for Ranger flights RA-3, RA-4, and RA-5. For

RA-3 and RA-4 this has been accomplished on schedule and with no signi-

ficant deviations from specifications.

As the Ranger spacecraft approaches the moon_ the capsule is to

be separated from the spacecraft and braked to allow a survivable landivg

which implaces a sensitive seismo_eter on the lunar surface. Data from

the seismometer is to be relayed back to earth receiving stat£on_ for an

extensive period of time after each landing. Subsystems of the lunar capsule

include an altimeter for sensing the proper altitude of separation; a

spin rocket motor to provide s_abilization during the retrorocket braking;

a retrorocket; a crushable impact limiter to absorb residual energies; and

the survival package. _le survival package is a sphere which is fluid

floated inside the hollow, spherical Impact lim_.ter to distribute th_

structural loads of impact and to allow erection by moon gravity to the

local vertical after the assembly comes to rest. Conventional chemical

batteries supply the total input power demand. Near-constant temperature

for the survival sphere equip,-_nts is provided by the use oi a cryogenic

insulation and a small quantity of water which cools by e,,-,,oratlon to--it -

the vacuum surroundings during the |unar days. The water also offers a

safety feature for night operation by virtue of its latent heat of freezing.

-!-
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During this reporting perio,g a number of improvements to the

_ RA_3 caplsule configuration were designed, tested, and delivered for use

.: on RA-4. Notable among theme were changes to the retrorocket, spin
.. rocket, and the al- --_._.... terde_,loy_ent mechanism. Certain further design

. modifica_.ions to improve reliability and/or facilitate fabrlcaticn are

_- contemplated prior to launching RA-5.

I_A-4 was launched from _ 23 April 1962 and impacted the dark

" side of the moon early on 2'5 April. A spacecraft control system _al-f
r

function negated any chance of operation of the lunar capsule lain.ling
. package. _le capsule payload transmitter operated during the flight az_

' was used to tr_ck and establish the trajectory of the spacecraft.

i
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2. Ct._PSULE DEVELOPHENT, ASSEHBLY, DELIVERY STATUS

Althougr_ some development work is currently being done in
certain areas of product improvement, the ,majority of effort on the

seismometer capsule has shifted to assembly and deliver}'. As a result

of experience gained in assembly of tile RA-3 flight equipment, it was

discovered that increasea emphasis in the area of quality assurance was

required. Consequently, during this reporting period, considerable

ef£ort wa:_ expended to provide a more effective quality assurance pro-

gram to reduce aLtfiLtui_ at_d increase reliability of the pr:_.d,:ct.

Drawings, assembly procedures, and acceptance test procedures

have been formalized and improved. As a result, quality con.trot document-

ation more effectively describes the status and configuration of all fligllt

and test hardware. Recently released quality control instructions have

carefully defined the procedures required of both cognizant project

engineers and quality control engineers in the area of non-conforming
material control. Results of this effort are evident from the manner in

which problems are being handled and the effectiveness of corrective

action being specified on all non-conformlng material reports (I_4R).

In addition to preliminary corrective action, a Nanagement

Review Board convenes weekly to (a) review the handling of all major

discrepancies, (b) assure positive corructive action, and (c) correct

system or procedural deficiencies as required. Tables I and II are the

Squawk Sheet Log and Non-Conformln$ Material Log for April. Of the 18

l_R's evaluated to date, I0 have been closed satisfactorily and 8 remain

open pending final evidence of corrective action.

Development, assembly, and delivery status of the lunar capsule

subsystems are discussed by major subassemblies. The general status of

each assembly is noted and any development work in process is discussed
"' in detail.

a. Landin_ Sphere ASse..mbly

Some design revisions in both the mechanics and electronics of

the payload are contemplated. Also tests of the Sphere S/N 010 were

completed. These items are discussed below.

(I) Payload_ Electronics

A review has been made of all electronic equipment in the

payload with the principal objective of (a) increasing reliability, (b)

improving fabrication techniques, snd (c) inq_rov._ng and expanding tests.

/. -.
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TABLE II

NONCONFORMING MATERIAL LOG

Corrective Action

Drawing No. NMR No. Date Responsibiiit Z Remarks

805]78 18243 4-6-62 None See NMR [8208

805649 [8212 4-5-02 None See NMR 18213

SCM157- 1821_ 4-9-62 Receiving Supplier Co_ttrol

HPOISA2 Inspection notified by P. Lopatin

805378 18235 4-5-62 Project MSG 002 II April 62

(TWX 8353)

805377 18200 4-2-62 Design Proposed to JPL 4-5-62

; 805378 18239 4-S-62 Test Equipment Open

i _ Project Open
!

8053_8 18208 4-3-62 Design Open

: 805378 18236 4-5-62 Test Plan In process
Revision

800120 18238 4-5-62 Drawing Change In process

805663 C 18213 4-5-62 EO Required In process

805680 D 18209 4-4-62 Workmanship Open

.. 801OD0 g 18215 4-10-62 Test Plan In proces_
" Revision

801000 E 18247 4-11-62 Vendor or In process

design

805665 D 18210 4-4-62 Design Corrective action taken

805670 18222 4-11-52 Accomplished Terminal Inst'l to
Vendor

805680 C 19702 4-17-62 ZO Design Test Failure Report

., Req'd
%

6UOI [4_ 19704
4-19-62_ Design New Source Required

_ " 6U0252 19705 4-19"62)
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Design modifications are planned for the seismometer amptlfier

and the timer and squib block to proviue a more reliable _yste _'. C_b[lng

: will be modified to facilitate assembly and increase reliability. The

transmitter will be modified to simplify fabrication and tune-up. Also,

changes in the transmitter output c,avlty will provide higher output power

and reduce spurious output radiation.

Test plans for Sphere S/N u,v_'ŵere outlined in the Eleventh

+ Bimonthly Progress Report. The test program for the Sphere $/N 010 lunar

: sphere Was _omp_t_d on 23 April 1962. Some effort remains in post

+. analysis and the final test report. The basic test objectives were
accomplished, although deviations from the detail test plan occurred.

The lunar capsule perfor,_a1_ce was evaluated under simulated

launch, lunar impact and post-lunar impact. The effect of envirolunental

testing and incident radiation at 960.05 mc on the transmitter RF

spectrum was determined. .:
+

(a) RF Zests

RF tests were performed in a quiet box to measure ,.+%#.

,_. the combined carrier and sideband power and index of modulation and to _.:-i_

provide a spectrum analysis. These tests were repeated after fli.ght +:::_
vibration and lunar impact simulation. The transmitter operation was ++':

unaffected by these enyironments. The original RF spectrum was definitely . ..._

affected by Incident jamming radiation at 060.06 Nc but not in a pre- - ; ,,
d+_t_ble or repeatable manner. Just prior to the vacuum therm_1 test.

' the transmitter failed; preliminary analysis determi__ed that transistor

Q-3. the input driver to the varactor multiplier stages, had £ailed. :_':";

(b) Vibration Test _.
..... --_.

Sphere S/N 010 was vibrated to proof-test levels i_

._- three axes with both sine and noise inputs. No failures or maifunctlons .- .:
occurred during this test. X-ray examination before and after vibration

+: sho_ed no motion of t,+e inner sphere relative to the limiter,

:_ ' (c) ..Impact..Testi

:.. A simulated lunar impact test was conducted on the

_+. Aeronutrouic l{yge Hachine on 23 l_arch, 1962. The tinmr did not s_rt as _.

:_ a result of the pre-impact a_eeleration, and _one of the tla_Id Sequences .

" occurred..It has been concluded that the 25- 8 el, itch dldnot close for ::

_i" a sufficient duration during the 50 gS acceter_tion phase Co a_tuate the . :.

:_ squib switcher,. The caging pin was not withd_,awn prior to imlmct and +

was broken due to high shear forces at impact. : --::-

'_" "- "6" - " +:_
•i_'+ +

_:, ) - _ .,. ._-+ .+

+ .- . . + _ + .

• " -" _. , ":.J "- : : 'o, " _' ,_',_.. ='. :_.
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(d) Vacuum Thermal Tests

Subsequent to impact testing, the capsule was instru-
mented for external activation a_d monitoring of post-impact events in a
vacuum thermal environment. The closure of the 25-g switch was simulated
by activation of the squib switches which initiated the timer. Events
Of uncaging, pene_rator firirg, and power input to the seismo motor were
normal. There was no indication of a seismo motor malfunction.

The transmitter was removed and replaced with a resistive thermal
load. Th- sphere was reinstrumented for a thermal test in the Ae_'onutronic
research facility vacuum chamber. The thermal test proceeded with a hot
cycle (200°F) from II to 13 April, and a cold cycle, -320°F. The trans-
mitter was then started and th_. test was concluded on 23 April with a
temperature of -61°F inside the sphere. The battery voltage fell rapidly •
at -30°F,at which time it had opezated ?bO hours_

Photos in Figure3 1 and 2 show Sphere S/N 010 vibr._tion test
and vacuum thermal facility.

(2) Payload l_chanics

_- Several tests were performed On an RA-3-type insulation to
determine the decrease in thermal resistance that can be expected from
impact and penetratlon. A Comparison of test results showed an increase
of 1.3 watts steady-state heat loss when the payload was subjected to
impact and penetration. An additional test was run after repairing the
reflector _urfaces in the area of the penetratcrs, and a reduction in

. heat loss of 0.75 watt Was observed at the same test conditions.

The rubber penetrator diaphragms were then coated w.{thvacuum
deposited alumi_xum, sad the surfaces of the insulation shell in the
area of the penetrators was coated with vacuum-deposlted gold. The
penetrator covers were bonded on the penetrators, installed in the
insulation shell, and fired using a dummy insulation. A thermal test
of this configuration was performed using the original insulation with
a net improvement of O.55_w_tt over the-original,post-impact penetration
test, As a result of these ,_ests,the penetrstor diapttragmsand inner
surfaces of the insulation shell have been coated @ith vacuum-deposited
aluminum and gold,respectlvely. This modiflcatlon was provided for the

i_' RA-4 flight payloads.
g

,,

• i ,_ ....." _ 4 :'_
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FIGURE I SPVERE S/N 010 VIBR_T[Ot_ TEST SET-UP

_,---_ _:,
:,,L*--'I -.
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Two payloads (S/N 013 and 014) were provided for the April RA-4

launch. Payload S/N 015 has been carried sufficiently far in process to

_.nsure delivery as prime payload in the event launch was slipped to Hay.

This assembly will be carried to completion and probably used as a test
vehicle.

-" De_ailed capsule assembly procedures have been revised and up-

graded to a complete do¢ument,which will be released in the near future.

. (3) Impact Lim_.ter

There were no major changes made in the impact limiter

design since RA-3. Permanent attachments pads for the balance weights

were added in four places. Minor changes were made in the impact limiter

size and the amocnt of paint to achieve correct final payi_,ad flight

" weights. The impact If,niter desig.x velocity on bottom vo_mal impact is

192 ft/sec, side normal impact !77 ft/sec, and top nomnal impact 154 ft/sec.

-b. PropuL_ion and Ordn._nce Devices

(I) _etrorocket

The Eleventh Bimonthly Progress Report discussed a retro-

rocket nozzle modification program designed to provide an external rein °

forcement to the expansion cone for the RA-4 flight. The reinforcement

consisted of perforated stainless steel cone oi O.OlO-in. shim stock
bonded to the cxterior of _,lenozzle. Tl_e cone extended 8.6 inches for-

ward of the aft face of the nozzle.

Three design proof firings were planned for the AEDC altitude

facility prior to modi.fication of the flight units. Aeronutronic and

Here,lea were unable to obtain test time in the AEDC Facility to support

th_s program. It was decided that an altitude chamber with a diffuser

evacuation system would be provlded at the llercules Bacchu_ Facility to

support the tests.

(_ 15 February 1962, AeronutLonic issued a purchase order to

Inca ge.g£neerit_g Cozporatlon, Pasadena, Callfornia, for the design, con-

struction, and inst_llatlon of the test chamber. The r.est chamber was

delivered ac _he Bacchus Facility 19 _$arch 1962. The nozzle modifica-

tion _as installed on three motors, which were tested between 24 and
26 March.

-lO-

".j

+- . -

1965076692-015



The test chamber performed well on all tests, maintaining test
chamber pressure at about one psia until thrust _ail-off. 1"ne nc.:zle

modification performed as expected and maintained th,_nozzle geometrical

configuration th_:oughout the firings. A water-quench system applied to

the nozzle at thrust tail-off res-,,Itedin excessive damage to the nozzle

cone on the first test. The water-quench systei_ was not used on sub-

sequent tests, Camera coverage of all tests wa:_ good and indicated

successful operation of the nozzles. Figures 3, 4, _mnd 5 show the tes=t

chamber installation and the retrorocker nozzle aft,_J:" firing. Nozzle

damage shown occurred as a result _ _ gas blow-back and the CO 2 quench
systLm.

,During the week of 26 March 1962, Hercules personnel, under the
supervisior', cf Aeronutronic, installed the modification on the four

flight motors at AMR. The modifications weighed 6.1 + 0.I pounds for all
motors. The modification is not expected to influence axial (thrustS,

performance of the motor to a significant degree. Hc.wever, the tip-off

torque due to nozzle deterioration will be eliminated. This will reduce

the estimated cross velocity dispersion contribution from the motor i"rom
40 ft/sec to 32.6 ft/sec.

(2) Slain Motor

The spin motor product improvement program has been com-

pleted. The design changes investi}_ated during this program incl-4ded

the fol lowing:

(a) Removal of r.hc ,_aylardiaphragm over the grain

(b) Removal of the epoxy spacing washer at the grain end

(c) Modification of the igniter Installation tc eliminate

potential leaka=.e

(d) Fabrication of a special tcol to ,,_izethe exhaust
' nozzles

(e) Investigation of igniter chazacteristics and

modification of the igniter

(f) U_ of low-pressure grain in ,:onJunction with

', elimination of Lhe primary nozzle

i
!

!
I

-ll-
{
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The product improvement program included "_e fabrication of 20
spin motors and additional igniters and grains for evaluation and quali-

;icatl_n of these changes. As a result of the evaluation, all changes

except the low pressure grain were incorporated. _ese changes appear on

ADF Drawing 802100E and subs.

The spin motor qualification program was divided into three

phaseb: (I) igniter qualification, (2) grain "-" ,_f_.. __a ..... a_._n, and (3) if
motor assembly qualification. Thu igniter and grain qualification programs

have been completed. The twelve scheduled firings of the motor assembly

have been made, but data analysis is not completed for the last three

firings. In addition, two experimental firings of the flight conflgu_a -
tion were conducted.

(a) Igniter and Grain Qua_+ificatlon

A total of 35 igniter firings and 24 grain firings

have been made without indication o{ failure or marginal perfocmance:.

These included the following: '"

it Igniter alone

9 - Igniter and grain

12 o Qualification motor assemblies

3 - Experimental motor assemblies

Igniter and grain assemblies were exposed both individually

and in combination to a number of environments. In additlon, three igniter-

grain assemblies were exposed to all environments sequentially. The
environments are as follows:

•. Temperature and Humidity: 70 percent relative humidity

with formalin added; cycled

from 0 to 120°F for thre_ days

and for fourteen days.

Ethylene Oxide: 12 hours exposure tn sterilizing
concentrat ions,

Vibration. Sine and random In three axe:

: to the_ level measured a¢ the

" retro nozzle during DPT. The

shake fixture inco_porates a

,: production recto nozzle.

•. Vacuum: 72 hours ac i2 microns and 70°_.
_ OIo¢ors have been fired afZer I1

_-::'.- days of v=cuum.)

, -15-

_-"2,,- . .
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All motors and igniters fired successfully with no indications

of other than random variations in performance. _nere appears to he no

correlation of performance variations with the various environmental

-exposures, The following performance parameters are significant:

Pa tame ter Minimum Max imum :.KveraBe'

Time to ignition 0.024 0.040 0.032

peak pressure (see)

Burning time to (set) 1.17 |,21 1.19

5-percent tail-off

C* (ft/set) 4060 %390 4230

(b) Motor Assembly Qualification

Of the 12 qualification firings, eight have been on

the torque fixture and 4 on the gas dynamics flxtuk_-. Tip-off data are

available for all but one gas dynamic fixLute firjn_ on which the uymme-

trical vent failed. Motors were exposed to the following nominal
environment s:

Temperature and Humidity: 100-percent relative humidity
at 0 to 120°F for three d_iys

(nozzle closures in place).

Vibration: Sine and random as for

igniter and grain tests,

Vacuum: 72 hours at 12 microns and

70°F (nozzle closure removed).

Nine motors were exposed to these conditions. For the other

three, the conditioning was modified to meet other test requirements. All

motors were e_-.posed to vacuum and were conditioned to 7ooF. All flzlngs

were in a vacuum chamber at a pressure altitude of about. 105,OOO feet.

q.

All test firings were successful, wiCh no Indications-of leakal¢0

or incipient failure. 1"he test data were avmlysed to d_term/ne the . ,- i_=
s_imi£icant system paranlters, which are summarized below. These data .... '__
_e _rom the first six firings _n the static torque fixture; the re stills _! _--S :

of the last two flrinss are not yet available. -,-

-16- . _ . /

_.._ . . . .#: :

.... .", _,._..._.,_"
- _.,.',_--r: _-.:. _:,-._¢'_.6.

.-. ,i "_ ',_-',_-" :"_.-_
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Parameter Mini_ Maximum

T:: off total angle (tad) 0.0017 0.014 0.0096

ff angle orthogon_1 0.0012 0.0099 0.00679
v, _tor (rad) -_

Equivalent cross axls iI 88 60
velocity (fps)

Capsule final roll rate 31.62 32.59 32.51
(tad/see)

Burn time to 5 percent 1.0 1.19 1.153
tail-off (sec)

I (sec) 202 208 206
sp

(c) Gas Dynamics and Sp,inRestraint Tests

Four tests have been conducted on the gas dynamics
separation test fixture. These tests were conducted to detzrmlne the
effect of the s[in motor exhaust gas on capsule tip-off and to verify suit°
able performance of the symmetrical vent, radiation shield, and spln
retralnt under s_paratlon conditions.

All tests were conducted in the Douglas Aircraft Comp,.-.z_.y,Lorlg
Beach, vact:umchamber, The test fixture £.q lescrtbed on ADr Drawi__.'.g
805816- l_..._£_,_hardware used in the varlet., tests included in the motor
suvf_'_rgst_u¢_vre (t.,DFDrawing 800003), the symmetrical vent (Drawing
800i12_., th_ radlstion shield (Drawing 800120). and the spin restraint
(D_awlng 800131). All te_t_ were conducted at a pressure of _bout 7 mm
of Hg, ¢.quiv_lentto an alt_cvde of slightly over I00,000 feet.

The test fixture ._,_4in this program is shown in Figures 6
: _nd 7. Figure 6 shoes the b;,: superstructure end the separatlon guides.

_e dead weight load used _ - _llbrating primary torque of the spin
motor is attached to tha ro_- nozsle. Flgure 7 show the bus rotation
dxiv_ and the dea_ weipht _ ..;_simulates spin motor axial thrust. The

- __tatic torque fixture on _:_:_e,_aratemo_ntlng c_ be seen in the back-
_._._rd.

"i

_" _e te_t f_,:_....: is designed to allow capsule-bus orientation
_: _rouah ._ degrees _..::.-._-_atlo_on the Z-axls and through 21 inches of
;; sepsretlon a_Onl_ the: Z_x£s. The sep_ratlon accelerntion end velocity

._._ _ due to both spi_ mo_r axial tht_tst and exhaust Sas pressures are simulated;
-_'" " the angular acceleration of sp/,n=upis not. Angular orientation _nd

-17-
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separation position arc obtalnod by rotating or traversing the b,.Js
simulator; rotation, velocity is about 0.5 rcdia_,/scc. Both the capsule
and bus simulators are essentially rigid in rotation about the g and Y
axes. With respect to transverse loads at the plane of the spin motor
exhaust nozzles, the spring rate of the capsule simulator is about 45,000
lb/ln.; the spring rate of the bus simulator for loads in the three axes
is from 1700 lb/in, to 3500 lb/in.,depending on load d.':ection. The
flexibility of the bus relative to the capsule presents difficulties in
analyzing the spin restraint _est results, ..s discussed later.

(d) _GoldFIo_ T_st Results

Spin u_tor cold _i_ _ests ee_.'econducted on the "gas
_dyr_mic fixtcx'¢",in a vat.untochamber, to determione the effects of gas
d_amic.s on capsule pc. Cormance° Data were gathered regarding t_,emagni-
tude and pl,aseof the induced gpurious torque. The bus angular position
is _ero degrees when ]oln.t"B" is down on the test £izture, _ich is in

line with an exhaust tube of the spin motor. Bus angle Is poaitivz for
_ rotation clockwise (looking from capsule to bus) _aich is the direction

of relative rogation _n the actual case. For separation mpasurement, :
zero xs the mate_ position.

The p_arpos_ of these testa was to establish a criterion [or the
desi_,n _f _. spin restraint and to determine the least favorable capsule-
bus orien_tion f._'the live _otor firings.

Tests ssereconducted with the s_etricaI vent and radiation
shleld in position and without the symmetr£c_.lvent, but with a si_lated
th,_'rmalradiation shield In position. Cold f_ow was effected at static

• Sepayation points from 0 to 2! inches, with and without rotatio_ of the
bus. Similarly, dynamic Separation'was performed with and without rota-
tion. ._hese tes_ _re performed a_ altitudes of 105,000 feet (the

• vacuum ch._mberultimate capao__.'-'_t:iee)in order to effect sonic flow at
the exit of the symmetrical venting awe'ice.

The ct_ta gabby-red were corrected for syste_=_qtiC errors and the
following results _.htablished: .

(1) _he magnl._ude of the torque unbalance ranges from 0 --
to 30 lb/ln., with a mean of 1. ft/lb.

-20-
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(2) The mean magnitude (considering all separation angles)

of the spurious torque varies from 8 to 14 in./lb
auring separation from 0 to 14 inches, thereafter, chc

effects of gas dynamics rapidly diminish and the
spurious :orque assumes a value approaching the inherent

motor unbalance. These results are shown in Figure 8.

(3) The mean magnitude (over the full range of 0 to 21 inches
_eparation) varies sinusoida!ly as a function of separa-
tion angle with a range of 6 to 14 Ib/in.; peaks occur

every 120 degrees of rotation. These results are shown

in Figure 9.

(4) The phase of the unbalance appears to he a uniformly

distributed, random phenomenon.

It was noted that, in the presence of a simulated radiation

shleld (insensitive to gas flow), the absence of a symmetrical vent did

not significantly alter the nature of the spurious torque.

(e) Spln. Restraint Te_t

The spin restraint wa installed per drawlr_ and the

spring rate caiibrated by dead weight. The sprin_ rate is essentl41_y.- . .."_
constant in all directions and is abo_t 340 Ib/in. (Figure I0).

In mating tests with the capsule s_ma!ator, it was determined

that the best installation that can reasonably be made results in s

lateral offset of about 0.003 ',n. From previous firings it appears

that this lateral dl.splacement of the spin motor hub at appro_imstely

l-in. separatLon is equlvalent to 0.005 radish for less final tip-off

angle. This comparison is quite conservs.tlv_, since the comparative tip-

] off ansi, tar velocities would not apply with the restraint in place.

t
] The support arms of the restraint are directly in the exhaust

i cone of the spin motor. To check the magnitude of unbalanced load that

results, cold flow tests were conducted with the tres_rs£nt Just disengaged.

The restrain_ was found to deflect about 0.004 inch, e0ulvalent to about

40 In,lib tip-off momat. This _ust be included in the tlp-of_ computa-
tion.

_n general, the spin restraint performed satisfactorily, showlng
no tendencles tJward resonant vibratlon,.excesstve d_flection, or binding. -"-

L: _ :b
E

,,.." -2
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(f) Motor Flrin& Tests

A total of four firings was made on the gas dynamic
fixture. This preliminary report includes a discussion of the tlp-off

• characteristics and other items of immediate interest. Complete armlysis
and discussion of various pressure and temperature data will be included
in a later, more complete report. At thls point it is sufficient to note _
that no unusual or unexpected data were observed.

Run No. 248: 16 March I962

(I) Test Configuration

Spin Motor S._ L-308

RadiatLon shield 802120 A (w/o black cover)

Symmetrical vent 800112 A (Plastic part w/o
relnforcement)

Bus an&le zero degrees - did not rotate _
during run.

Fired in closed position - separate at
normal axial acceleration.

Fired at pressure altitude of 103,000 ft.

(2) Instrumentation

Channel I; Squib current

Channels 2 - 4" tlp-off and pr/_ary torques

Channel 5; Axlsl travel

Channel 6; Bus unlatch _.:

Channels 7 -12; cxhaust, telperatures . ._hr

Channels 13-17; exhaust pressures "-__:"_

400 fra_/sec ootlon picture : , ,,_- _ ....

• .. " ' _._ L':

• . • . - -. . _-_ ..., _-T_._ •
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(3) Test Results

The symmetrical vent was severety damaged. Ic
_: apparently buckled ouL_ard in the lover U_ird (above r.he heavy section)

In the area of lmpinsement of the spin motor ex_._._. The upper edse
• buckled tfi with a flucter tng action and contacted the retro nozzle in at

" leaet nine places. Contact areas were spaced about 120 degrees around
._ _e nozzle, approx/sately in line wLCh the spin motor noztles, and at

. .. separation distances from 8 to I4 inches. As a result, r_e _£p-off data
.'- were invalid. T_ test hardware after firing are shoem in F_Kure ll.

; _." The radiation shield shows only superficial heat damage.

The marks where the symmetrical vent contacted the retro nozzle
can._be noted. Thls contract caused hlgh-frequency tip-off torque readings
Mlich_ although the total impulse was small, made It impossible to use

; the data. - __

."

" : Pun No. 254: 26 )/arch 1962

(1) Test Configuration

Spin Motor S/N L-3£4

. Radiation shield S02120 A (w/o black cover)

No symnetric_Z vent
-o

Bus rotated at constant angular velocity of about
0.5 rad/sec.

. Fired in closed position with normal axial
accelerations.

Fired at pressure altitude of 102,000 it;

_2) Instrun_nts lion

" _Same as for Run No. 268, except t1_at an:ansul_r _.
•_ posltion trace was substituted for one of the "

-- . temperature chsunets. _

_. (3) Test Results-
.. .

:_ '_ _he radiation _ sl_leld was severely damaged. I_ms completely
_ . -bLmm e_y.on one:aJ_le eXCept for 8 narrow portion In Uhe a_tachie_ area, _ --

• • : ae_ _d_0_ t_ 1_/4Psre 1.2. The, marklnss_on the retro_rmzale _Jh_ ext_sive . "_..= ;_,- __.• _. _.... _ •

"_. _.... _ . . -:

_,._T',.,,j-,_:. - - _ :"_ _ : - : _' _ _, "- " ' . .- ,. o "'.
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contact by the radiation shield, which was confirmed by the motion

picture of the _est. Motor and tip-of[ data are tabulated in Table III.

Run No. 262: 7 April 1962

(I) Test Configuration

Spin motor S/N L-304

Radiation _hield 800120 B (w/b _a_-''cover)

Symmetrical vent 800143 (w/alumlnum reinforcement)

Spin res; _--aint800135

Bus angular position 180 degrees, did tlot rotate

during run.

Fired in a closed position, with _ormal axial
accelerations.

Fired at pressure altitude of 105,0OO ft.

(2) Instrumentation

Channel i; Squib current

Channels 2-4; Tip-off and primary torques

i Channel 5; Axial travel

i Channel 6; Bus unlatch

i Channel 7 and 8; Restraint de£1ection

i Channels 9-12; Exhaust temperatures
I

Channels 13-17; Exhaust pressure_

400 frame/set motion picture

(3) Test Results

! The s3_etrical vent and radiation shield showed super-

_ictal damage. There were no indications of contact with the retro

_imulator. The test hardware after firin8 are shown in Yisure 13.

During the first I00 mlllisec, there was indication of hX_h

_:tp-off torque (_10 _t-lb.). It was subsequently determined that this

_as caus_dby deflection of the bus simulato; due to internal 8as preso
_ure. The amoun_ of deflection was estimated from cold flow, and the

_orresponding tip-off eu>ment subtracted out o_ the da_a for tlp-off
analysis. The results ,re tabulated in Tabl,_ II1.

-29-
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T'_e spin restraint apparently performed satisfactorily. In

bpite of direct exhaust blast cn the attaching arms and springs, it

returned to zero after the firing, with the spring constant u_changed.

There was heavy deposit of exha_st r_sidue on the exposed spring leaves.

Run Eo. 265: II April 1962

(I) Test Configuration

Splu motor S/N L-312

Radiation shield and symmetrical vent used from

previous fizing (Run P62).

• Spin restraint 800135 modified. The teflon

shoes were removed from the restraint, and one

lug was ground down _o allow clearance for the
bus defi_ction.

. Bus angular position 180 degrees; did not _otate

during firing.

• Ftzed in closed position, with ndrnml axial
accelerations.

Fired at preasure altitude of 105,000 ft.

(2) Instrumentation

• Same as for Run No. 262, except a bus vertical
deflection trace was substituted for one of the

pressure channels.

(3) Test Results

No change in the condition of the heat shield or sym-

metrical vent could be observed. Performance of the entire system
appeared to be satisfactory.

With the spin restraint relieved, the tlp-off torques read

directly as "no restraint" torques. The tlp-off load ca.lsed by the
spin restraint was computed from the measured deflection of the

restraint and superimposed on the recorded torques. The results
were analyzed both with and without restraint and are tabulated in
Table III.
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c. Auxillarv Equipment

a

(1) Altimeter

The deplo>_ent mechanism used on the altimeter of RA-3

_onsisted of a "_.ousL:trap" spring actuator and a wedge type _pring

latch. The mechanism was redeslgn__d to incorporate a drive _evlce

with increased torque :apability. The latches were eliminated, The

new deployment mechanism replaces the crossbar on L.= structure _otwe.,,_..
the two hinge bearings and was retrofitted into existing structures.

The deplo_nent mechanism is actuated by a heavy spring and uses a

governor for speed control. The governor is of the centrifugal brake

type used in telephone dials. The governor controls the deployment
time LC 9 + !/2 sec.

An altimeter structure complete with the new deployment

mechanism was design proof-tested and qualified through the environ-

mental conditions for flight. Two flight altimeters were retrofitted

with the new deplo)_aent mechanism and delivered for flight on RA-4. "-

Figure 14 shows the altimeter support structure as modified to Incor-

-:_ •potato the new drive mechanism.

(2) Radiation Shield

I The basic design the radiation t,n-
of shield remained

changed since BA-3. At the request of IPL. a low reflectance exterlor

I surface wa, provided, consisting of 1.2 oz Zetta black nylon spinnakercloth. Reflectanze data on this material backed up with aluminized .•

Mylar is shown in Figure 15. A design proof article of this newassembly was heat-sterillzed and a complete series of design proof

tests was conducted on the assembly (including cold retracclon)

qualifying it for flight. Two flight ass_blles were delivered in '-

support of RA-4.

(3) Symmetric Venting bevt c.e

Hot firings of the spin motor in vacuum indicated that . :.
buckling occurs on the trailing e4ge of the syma_trtc venting device. :,

• l%ese firings also indicated that scum delaaelmmtion occurs in the. :_:;
fiberglass laminate. An alum£n_n-skin of 0.012 in. was provided for

the outside of the device and a reinforcing rtn_ or_ the inside. An : _
assembly of the revised design _as than tested in hot firings and -_
through the vibration environment and thus qual_gied for flight. --::_

i:-- Figure 16 shows a _hoto of the t_ro_,ed unit. _o flight assemblies ._.._:_i
:_: were delivered for P.a_,-.4. " .__ 5

'" ! "33" '-
• _-:,j....

;-. ._ . ,. - <_-._:'_:_:-;_.:-_

• .. ;.:. ... o...... _:.:._
I
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FIGURE 1-_,. ,HODIFIED AI.T!METER SUPPORT AND I)EPI.(_'_.'5.1t.NTS'IRUCI'tIRE
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(4) P&SA and External Wiring

(a) Power and Sequencing Asse_ly

The power and sequencing assembly, ADF Drawing

No. 805378 {P&SA), consists of timing circuitry and a battery. It is
packaged into a 4-1/2-inch-diameter by 2-inch-high cylinder which is

installed between the retromotor and the sphere impact [imiter. The
functions of the P&SA are as follows:

(I) To arm the ordnance circuits at 5g acceleration

during acceleration during launch.

(2) To fire the spin motor at 215 milliseconds after

receipt of the altimeter fuse signal.

_ (3) To fire the retromotor at approximately 2 seconds
after receipt of the altimeter fuse signal. This

tlme delay is controlled by the temperature of the
retromotor.

(4) To fire the landing sphere separation bol:ts at

12-I/2 seconds after the altimeter fuse signal.

Two design changes in the PbSA were made between fabrication

of the RA-3 and RA-4 flight hardware. First, the SCR swCtch Q5 of
: schematic No. 805396 was changed from a 2N1595 to a 2N885. The 2N885

.= requires less trigger current than the 2N1595 which h'ad to be specially
selected for this application. Second, the barc er_" within the P&SA

was changed from an Aeronutronlc-assembled pa_k of Yardney PMOI calls

to a sealed ESB model 199 battery. Both types of batteries passed the

design proof test, but the ESB was i_plllproof, smaller, arid had superior
electrical characterlstics. The P&SA was ,_odifled as shown in the

accompanying photograph (Figure 17) to facilitate the instailatlol_ of
the ESB battery.

It is presently planned that the PbSA will be :.edeslgned prior

. to RA-5 to better utilize the space made available by incorporation of

the smaller battery. The Squib switches and fuses will be placed in

rmnovable modules to facilitate aasembly and replacement.. MOre terminals
will be provided for the connection of external wires. Provision will

be made for the addition of another timer if required by a change in
mission assiguments.

_-.
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(b) External Wiring

The terrainology of external wiring is used to describe
all Lunar Capsule wiring externat to the surviv_.l sphere. It incl.udes

these portions shown by ADF Drawing No. B00037:

(1) The juncO.ion box and wiring o.n_-the altimeter support
structure

(2) The wiring on the retromotor support stru:t,Jre.

(3) The electri_l eo_tae_ on the motor separation

clamp.

(4) The wiring on the retromotor.

The external wiring provides the electrical connections between

tl,e JPL portion of the spacecraft, the radar altimeter, the P&SA, and

the ordnance bolt-cutters. No _aJor design changes in external wiring
were m_de between the fabrication of the RA-3 and RA-4 hardware. No

si.Rn/ficant difficulties were encountered during the fabrication and --

testing ef the external wiring for RA=4.

. o

o
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3. FLIGHT MISSIONS

Following is a sur_nary of the results of the two flight tests
to date.

a. RA-3
m

The RA-3 uission was launched 26 January 1962. Booster mal-

function prevented l_nar i_pact and thus prevented operation of most

of the landing capsule functions•

Telemetry records of the Jet Propulsion Laboratory indicated

no signal was received confirming deployment of the radar altimeter.

After studying the problem, it was concluded that the probability of

altimeter deployment malfunction existed and warranted product improve-

ment in this area. The deployment mechanism was redesigned and quali-
_: fled for P_k-4 as discussed in Sectioa 2•c•

.. During pre-launch checkou_ of the RA-3 payload, iL was nolzed
_-. that the sparc_raft transponder receiver threshold was degraded by

spuriou_ radiation for Sphere No. S/N 010 transmitter. The spurious

signal, at 890 Mc,_as-most prominent in t_:e "shroud-on" condition and

wa_ of such a._agnltude that the mission was in jeopardy. As a result

of this difflculcv, Sphere S/N 012 was placed on the spacecraft as

prime flight item. Some degradation of the transponder threshold was

: noted with this sphere; however, the amount of degradation was not •

sufficient to jeopardize the prime objective of the mission. Tests

performed on Sphere S/N subsequent to launch of RA-3 have not disclosed

the cause of the spurious signal radiation from the transmitter.

" In addition .to the redesigr, of the altimeter deployment

mechanism discussed above, it was decided that significant system

improvements could be accomplished by uroduct improv_ent work on the

spin _otor and the retrOmotor. These items are discussed under Section
2 .b above.

b. RA-4

The ._A-_ vehicle-was launched from AMR 23 April 1962 The

.; spacecraft impacted the dark side of the moon on 26 April 1962. A

i: '_ i_ malfunction in the spacecraft control s)stom negated any chance of-
_.. operating the -landln_ package. The capsule trans_'_tter functioned

- normally and was being used to track and establish the trajectory of
_-- : the spacecraft•

"l
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At th_s writing, a complete report of field operations in
preparation for launch is not available. No significant problems

were encountered during launch preparation with the exception of RF
interference experienced from Sphere S/N 014 as discussed helow.

1he transmitter for Spheres S/N 013 and 014 were tested,

at various st¢.ges of assembly, fer spurious radiation at frequencies
in the vicinity of 890 Ec. These tests were conducted with a standard

field intensi_y meter and with a spectrum ana.lyzer ,_nder conditions
simulating the "shroud-on" configuration. No evidence of trat_.smiLLer

malfunction w_s disclosed during these tests; ;:owever. the dlti.mate

sensitivity o: the test equipment is inadequate to verify the presence

or absence of signals t.hat would interfere with the spacecraft

: tran spon der.

Sph,'re .q/N 013 was tested on the PTM at JPL prior to its

shipment to KIR. A small amount of interference was noted in the

:. "shroud-on" condition; however, it was not adjudged to be @etri_..ental .-

to flight." Sphere S/N 014 w_s shipped to /hMR witheut this additional

testing at JPL.. Subsequent tests of Sphere S/N 013 and 0l , in Con-

aunctlon with the RA-4 spacecraft at A!@_, disclosed an fntuz-ference

problem with Sphere S/N 014. The transponder threshold without the

sphere was -139 db_. With the sphere in place, bu[ witho_t the shroud,

the thresh_zd was -132 dbm. Addition of the shroud further degrade d

the threshold to a value of -ll0 dbra. Ihe sphere was shipped to

JPL for te_ting on the PTM to determfne if "clocking"-of the sphere

with respect to the spacecraft could change the interference level.

These tests <isclosed that "clocking" of the sphere with. respect to

the spacecraft coul. d change the interferenc.e level-by _s much as 8 db. ":

* Spi:ere S/N 01_ was returned to a_tR for use as a back-up "
payload for f_-4 ia the event of failure of Sphere S/N-013. __

J

-
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